characteristics of the reinforcers alter this bitonic function. For example, rate (McSweeney, 1992) , duration (size; Cannon & McSweeney, 1995) , and quality of reinforcement are all known to modulate the pattern.
A leading theory, McSweeney's sensitization-habituation hypothesis (McSweeney, Hinson, et aI., 1996; McSweeney & Roll, 1998) , argues that early-session increases in responding are produced primarily by sensitization and late-session decreases are produced primarily by habituation to stimuli that are presented repeatedly (e.g., reinforcers) or for a prolonged time (e.g., the experimental enclosure). This theory is consistent with many characteristics of within-session changes in responding. For example, the theory predicts that higher rates of reinforcement produce larger decreases in responding (e.g., McSweeney, 1992; Palya & Walter, 1997, Experiment 2; see McSweeney, Hinson, et aI., 1996, and McSweeney & Roll, 1998 for reviews).
McSweeney's sensitization-habituation theory also makes predictions about how supplemental feedings should influence within-session changes in responding. When delivered immediately before the session by normal means, pre-feeding with the same grain used in the session should reduce absolute response rates and steepen the late-session decreases in responding. These pre-feedings increase habituation by increasing exposure to the reinforcer (e.g., Thompson & Spencer, 1966) . Consistent with this prediction, Demarse et al. (1999, Experiment 3) pre-fed pigeons either 0, 5, 15, or 25 g of milo prior to an experimental session in which the pigeons key-pecked on a variable-interval (VI) 30-s schedule of milo reinforcement. Consistent with habituation, the overall rate of responding decreased and the within-session pattern of responding steepened with increases in the size of the pre-feeding.
Sensitization-habituation theory predicts that pre-session feedings should not alter the within-session patterns if those feedings do not increase habituation to the reinforcer. Consistent with this prediction, Roll, McSweeney, Johnson, and Weatherly (1995, Experiment 2) examined the effects of intubating food before sessions of operant conditioning. Their rats responded on a multiple VI 60-s VI 60-s schedule during baseline when no pre-feedings were given. Rats were then divided into two groups that were intubated with either 1.0 or 2.0 times the amount of milk required to initiate "satiation." Roll et al. reported that pre-feeding the rats did not alter withinsession decreases in responding from its baseline form for either group. Because the pre-feeding was intubated rather than eaten, the rats did not experience habituation to the oral properties of that food.
Sensitization-habituation theory predicts that supplemental feedings should not alter the within-session patterns if those feedings are separated from the session by a long period of time. The passage of time should allow for spontaneous recovery from the effect of the feedings (e.g., Thompson & Spencer, 1966) . Consistent with this prediction, McSweeney et al. (1990) varied the time by which supplemental feedings followed the experimental session. They found that within-session changes were independent of the time (0 to 240 min) between the session and the post-session feeding when rats lever-pressed for food on multiple VI 60-s VI 60-s schedules. Presumably, the 19-to 23-hr interval that separated the supplemental feeding from the following session was sufficient to allow for spontaneous recovery.
The following experiment tests a final prediction: Supplemental feedings should have a larger effect on the within-session pattern when they provide the same grain used in the experimental session than when they provide a different food. Habituation is relatively specific to the exact nature of the delivered stimulus (e.g., Swithers & Hall, 1994) . Therefore, a similar grain should produce more habituation than a different grain. In the present experiment, the supplemental feeding is either Purina Pigeon Checkers or mixed grain in different conditions.
The experiment was an attempt to replicate the finding that spontaneous recovery reduces the effect of a supplemental feeding when the feeding is given a long time before the session. To date, this prediction has been tested only across studies (e.g. by comparing McSweeney et aL, 1990 to Demarse et aL, 1999 . Such comparisons are inconclusive because differences between these studies, other than the time of the supplemental feeding, may have produced the differences in results. In the present experiment, the supplemental feed was delivered 1, 4, and 12 hr preceding an experimental session.
The results were evaluated by the quantitative model proposed by McSweeney, Hinson, et aL (1996): p=~ _ _ c_.
(1) eaT c + T Equation 1 describes within-session changes in responding as the difference between a negative exponential function (habituation) and an ascending hyperbolic function (sensitization). It predicts the proportion of total-session responses (P) during successive time intervals (7) within a session. The constants, a, b, and c, are free parameters. Because more habituation should accrue when the reinforcer and supplemental feed are the same food item, the parameters governing habituation (a and b) should be larger when the same food item serves as the reinforcer and supplemental feed than when a different item serves as the supplemental feed. These differences in the parameter estimates for similar versus different foods should be larger when supplemental feedings precede the experimental session more closely in time (e.g., 1 hr).
To test these predictions, pigeons pecked a key for mixed-grain reinforcers delivered by a VI 30-s schedule of reinforcement during 60min sessions. During baseline conditions, the type of pre-session feed differed from the reinforcer. During treatment, the type of pre-session feed was the same as the reinforcer. In different phases, the pre-session feed was delivered 1, 4, and 12 hr preceding an experimental session. According to McSweeney's (e.g., McSweeney, Hinson, et aL, 1996; McSweeney & Roll, 1998) habituation theory, decreases in responding should be larger during treatment than during baseline when the experimental session closely follows the pre-session feeding (e.g., 1 hr), but not when feedings and the experimental session are separated by a longer period of time (e.g., 12 hr). This prediction is made because the habituation induced by the pre-session feedings should dissipate because of spontaneous recovery (e.g., Thompson & Spencer, 1966) .
Method

Animals
The test animals were 4 experimentally experienced pigeons, maintained at 85% of their free-feeding body weights by pre-session feedings delivered prior to their daily session. They were housed individually in a colony room with a 12: 12-hr IighVdark cycle (lights on from 7:00 a.m. to 7:00 p.m.). Water and grit were freely available in the home cage.
Apparatus
The apparatus was a three-key experimental enclosure, measuring 28.0 cm by 30.5 cm by 34.0 cm. The three keys were Plexiglas panels (2.5 cm diameter) located 4.0 cm below the ceiling and 12.5 cm from each other. The left key, which was used in this experiment, was 6.0 cm from the left wall and could be illuminated by a red light. The key was operated when a force of approximately 0.25 N was applied to its center. A treadle was located 15.5 cm below the left and right keys. The treadles and other keys will not be discussed further because they were not used in this experiment. An opening (5.0 cm by 4.0 cm), 15.0 cm from the left wall and 7.5 cm above the floor, allowed access to the food magazine. A houselight (3.0-cm diameter), located 0.5 cm from the right wall and 0.5 cm from the ceiling, illuminated the chamber. The experimental enclosure was housed in a sound-attenuating chamber and a ventilating fan masked extraneous noises. Experimental events were controlled and data were recorded by MED-PC 2.0 (MED Associates, St. Albans, VT) software on an IBM-compatible 486 computer, located in another room.
Procedure
Because the pigeons had pecked keys in previous experiments, they were placed directly on the baseline procedure. The experiment was a single-subject ABA design consisting of three conditions: baseline, treatment, and baseline recovery. During all conditions, pigeons pecked the left key which was illuminated with a red light. The schedule of reinforcement was a simple VI 30-s schedule. Reinforcers consisted of 5s access to mixed grain and were scheduled according to a 25-interval Fleshier and Hoffman (1962) series. During reinforcement, the key and houselights were extinguished, but the hopper light was illuminated. These reinforcement parameters were used because they have produced reliable and robust within-session decreases in responding in past studies (e.g., .
During baseline and baseline recovery conditions, supplemental feed, which consisted of Purina Pigeon Checkers (Purina Mills, Inc., St. Louis, MO), was delivered 1 hr prior to the beginning of the experimental session in each bird's home cage. The amount of pre-session feed was determined by the difference between each pigeon's maintenance and pre-session weights. For example, if a bird weighed 10 g below its maintenance weight, the animal was fed 10 g of Purina Pigeon Checkers. This technique for delivering pre-session feed was used because it is similar to the way animals' weights are maintained with post-session feed (e.g., Ferster & Skinner, 1957) . During the treatment condition, the supplemental feed, consisted of mixed grain (Animal Feed Preparation Laboratory, Pullman, WA), the same item serving as the reinforcer. Each condition was in effect for 30 sessions. Excluding reinforcement time, sessions lasted 1 hr and were conducted daily, five to six times per week. When these three conditions had been completed, the same three conditions were repeated, but the pre-feeding times occurred 4 and then 12 hr prior to an experimental session.
Results
Rates of responding during successive 5-min intervals in the session were calculated by dividing the number of responses emitted during that 5min interval by 5 min. Because the interval timer stopped during reinforcement, the time for which reinforcement was available was excluded from these measures and from all that follow in this paper. These results, and all that follow, have been averaged over the last five sessions of each condition. To assess whether baseline was recovered from its original presentation to its recovery, a two-way (Baseline x 5-min Interval) repeatedmeasures analysis of variance (ANOVA) was applied to the absolute rates of key-pecking for individual pigeons for the baseline conditions of each 1-, 4-, and 12-hr pre-session feeding phases. These analyses showed that neither the absolute rate of responding (main effect of baseline), F(1, 3) = .04, P < .86, 1-hr pre-session feeding; F(1, 3) = .08, P < .80, 4-hr pre-session feeding; F(1, 3) = 2.03, P < .25, 12-hr pre-session feeding, nor the withinsession pattern of responding (the interaction term), F(11, 33) = .29, P < .98, 1-hr pre-session feeding; F(1, 3) = .52, P < .88, 4-hr pre-session feeding; F(1, 3) = .55, P < .86, 12-hr pre-session feeding, changed significantly from the baseline condition to its recovery. Therefore, aggregates were constructed from the average of these two baseline conditions for each presession feeding phase. All subsequent comparisons will be made using these aggregate baselines. Here and throughout this paper, results were considered significant when p < .05. Table 1 contains the rates of key-pecking (responses/min), averaged over the session, and the obtained rates of reinforcement (reinforcers/min), averaged over the first and second 30 min of each session, for individual pigeons during the aggregate baseline and treatment conditions of each pre-session feeding phase. Rates of keypecking were calculated by dividing the total number of responses emitted during a session by 60 min. Obtained rates of reinforcement were calculated by dividing the total number of reinforcers earned during each half of the session by 30 min. Table 1 shows that rates of responding were lower for all subjects in the 1-and 4-hr conditions when the same grain used in the experimental session was given as a supplemental feeding (treatment) than when the grains differed (baseline). Response rates did not differ systematically between the baseline and treatment conditions for the 12-hr pre-session feeding phase. Figure 1 presents the proportion of responses emitted during successive 5-min intervals for the averaged baseline (closed circles) and treatment (open circles) conditions for each pre-session feeding phase. Proportions were calculated by dividing the number of responses emitted during each 5-min interval by the total number of responses emitted during the session. Each function represents the mean of the proportions of all subjects. Note. Data were averaged over the first (1 st) 30 min and second (2nd) 30 min of each session, for each subject and for the mean of all subjects during the baseline (Baseline) and treatment (Treatment) conditions for each pre-session feeding phase. Results have been averaged over the two presentations of each baseline schedule. Standard error of the means appear in parentheses. Figure 1 indicates that responding changed within the session for each condition. The within-session patterns of responding during the treatment and averaged baseline conditions were compared using twoway (Condition x 5-min Interval) repeated-measures ANOVAs applied to the proportions of responding for individual pigeons. A separate ANOVA was calculated for the 1-, 4-, and 12-hr pre-session feeding phases. To avoid violating the normal distribution assumption of the ANOVA, proportions were converted using the arcsine transformation suggested by Cohen and Cohen (1983) before statistical tests were applied. This analysis showed that responding changed Significantly within the session in all cases (main effect of 5-min interval), F(11, 33) = 14.67, P < .0001, 1-hr pre-session feeding; F(11, 33) = 3.37, P < .003, 4-hr pre-session feeding; F(11, 33) = 13.33, P < .0001, 12-hr pre-session feeding. The main effect of condition was significant for the 1-hr pre-session feeding phase, F(1, 3) = 735.87, P < .0001, but not for the 4-hr and 12-hr prefeeding phases, F(1, 3) = 3.58, P < .16, 4-hr pre-session feeding; F(1, 3) = .01, P < .34, 12-hr pre-session feeding. The within-session pattern of responding changed significantly between the baseline and the treatment conditions for the 1-and 4-hr pre-session feeding phases (interaction term), F(11, 33) = 4.14, P < .001, 1-hr pre-session feeding; F(11, 33) = 5.73, P < .0001, 4-hr pre-session feeding, but not for the 12-hr presession feeding phase, F(11, 33) = 1.81, P < .09. To assess whether these within-session patterns of responding occurred because the obtained rates of reinforcement were higher during the first half of the session than during the second for either the baseline or treatment conditions, two-way (Condition x Session Half) repeatedmeasures ANOVAs were applied to the obtained rates of reinforcement reported in Table 1 . A separate ANOVA was conducted on each pre-session feeding phase. In all cases, this analysis showed that obtained rates of reinforcement did not differ significantly between the baseline and treatment conditions (main effect of condition), F(1, 3) = .25, P < .65, 1-hr pre-session feeding; F(1, 3) = 1.75, P < .278, 4-hr pre-session feeding; F(1, 3) = 1.49, P < .31, 12-hr pre-session feeding. Obtained rates of reinforcement did not differ between the first and second halves of the session (main effect of session half), F(1, 3) = 7.50, P < .07, 1-hr pre-session feeding; F(1, 3) = 1.82, P < .27, 4-hr pre-session feeding; F(1, 3) = 5.49, P < .10, 12-hr pre-session feeding. Additionally, the Condition x Session Half interaction was nonsignificant for all pre-session feeding phases, F(1, 3) = 0.58, P < .50, 1hr pre-session feeding; F(1 , 3) = 2.41 , P < .22, 4-hr pre-session feeding; F(1 , 3) = 2.43, P < .22, 12-hr pre-session feeding. Figure 2 presents the mean values of the a, b, and c parameters during the baseline and treatment conditions of each pre-session feeding phase. Table 2 displays the parameter estimates for individual pigeons Note. Results are for the parameter estimates of Equation 1 for the baseline (Baseline) and treatment (Treatment) condition of each pre-session feeding phase for individual subjects. Parameter estimates for the baseline conditions were derived from the average of the two presentations of each baseline schedule for each pre-session feeding phase. The variance accounted for by the model is indicated by the r-squared values. and the variance accounted for by the model. Parameters were estimated by the nonlinear regression procedure in SPSS 9.0 (Chicago, IL). To determine if the parameters differed significantly between the baseline and treatment conditions, a dependent samples t test was conducted on each parameter for each pre-session feeding phase. The results of this analysis show that the increase in a from the baseline to the treatment condition was marginally significant for the 1-hr pre-session feeding phase, 1(3) = -2.17, P < .06, significant for the 4-hr pre-session feeding phase, 1(3) = -6.10, P < .004, and nonsignificant for the 12-hr pre-session feeding phase, 1(3) = 1.44, P < .12. The b parameter significantly increased from the baseline to the treatment condition for the 1-hr, 1(3) = -6.60, P < .004, and 4-hr pre-session feeding phases, 1(3) = -2.70, P < .04, but the change was nonsignificant for the 12-hr pre-session phase, 1(3) = 1.81, P < .16. The c parameter significantly increased from the baseline to the treatment condition of the 1-hr pre-session feeding phase, t(3) = -2.59, P < .04, but this increase did not reach statistical significance for the 4-hr, 1(3) = -1.71, P < .09, or the 12-hr pre-session feeding phases, t(3) = .06, P < .48.
Discussion
Responding changed significantly within sessions for both the baseline and treatment conditions for all pre-session feeding phases. This finding replicates and extends the findings of McSweeney, Weatherly, et aI., (1996) who observed robust and reliable within-session changes in responding when pigeons responded on VI 30-s schedules. Furthermore, these within-session changes in responding were not produced by within-session changes in the obtained rates of reinforcement. The number of reinforcers earned during the first and second halves of the session did not differ significantly for any condition. This finding replicates the findings of McSweeney (1992) that withinsession Changes develop even when the distribution of reinforcers remains constant across the experimental session.
When the supplemental feed was delivered 1 or 4 hr before the session, absolute rates of responding were lower and within-session decreases in responding were steeper when the reinforcer and the supplemental feed were both mixed grain than when the reinforcer and supplemental feed were different food items. This finding is consistent with McSweeney's habituation theory of operant responding because habituation is relatively specific to the delivered stimulus. Therefore, the late-session decreases in responding should be steeper (more habituation) when similar than when different feeds are used. These results are also superficially consistent with the findings of DeMarse et al. (1999) who demonstrated that providing pre-session feedings of similar grain steepens the within-session decrease in responding relative to the absence of those feedings.
The results of the 12-hr pre-session feeding phase demonstrate that the within-session response pattern was not altered by the type of supplemental feeding when a long time separated the feeding from the session. These results are consistent with a habituation account of withinsession changes in responding because spontaneous recovery should reduce the effects of the supplemental feeding over a long-time interval.
These results are also superficially consistent with those of McSweeney et al. (1990) who found that within-session patterns of responding were independent of the timing of post-session feedings delivered 19 to 23 hr before the next experimental session.
Equation 1 provided a good description of within-session changes in operant responding. In all cases, it accounted for more than 93% of the variance in the grouped data. This finding extends the generality of McSweeney's (e.g., McSweeney, Hinson, et aI., 1996) quantitative model. The parameters reflecting habituation (8 and b) generally support McSweeney's habituation theory. During the 1-and 4-hr pre-session feeding phases, the 8 and b parameters were larger (more habituation) when the supplemental feed and reinforcer were mixed grain than when they were different food items. The estimates for the 8 and b parameters during the baseline and treatment conditions of the 12-hr pre-session feeding phase also support the predictions of McSweeney's habituation theory because any habituation induced by the pre-session feedings should have dissipated in the 12-hr period between the feeding and experimental session (spontaneous recovery; e.g., Thompson & Spencer, 1966) . Therefore, as observed, little or no differences in the parameter estimates should have been found between the baseline and treatment conditions. An unexpected, but interesting, finding was the increase in the c parameter from the baseline to treatment condition of the 1-hr presession feeding phase. Theoretically, this increase suggests that sensitization is higher when the animal is pre-fed with the same food item serving as the reinforcer than when the animal is pre-fed with a different food item. Finding greater early-session increases in responding with similar rather than with different food items may be inconsistent with some views of sensitization. For example, Groves and Thompson (1970) argued that sensitization is not stimulus specific because stimuli from other modalities (e.g., sounds) are known to increase responsiveness to the repeatedly presented stimulus (e.g., Swithers & Hall, 1994) .
However, the literature on priming may support the idea that sensitization shows some degree of stimulus specificity. Priming refers to an increase in effectiveness of a reinforcer when the subject is given noncontingent exposure to that reinforcer before an experimental session (McSweeney & Swindell, 1999) . Priming has been demonstrated for many reinforcing stimuli, including drugs of abuse (de Wit, 1996) , electrical stimulation of the brain (Gallistel, Stellar, & Bubis, 1974) , and food (Cornell, Rodin, & Weingarten, 1989) . Priming may be stimulus specific. For example, Terry (1983) found that priming with food increased operant responding for food but not for water. Sensitization provides one potential explanation for priming because both processes demonstrate similar properties (see McSweeney & Swindell, 1999 , for a review). For example, animals become more active after a prime is delivered (e.g., Konorski, 1967) . Like sensitization, priming usually decays over time (see, e.g., Deutsch, Adams, & Metzner, 1964; Heiligenberg, 1974; Tordoff & Friedman, 1989) . On the assumption that priming is produced by sensitization, priming provides support for the idea that sensitization may be stimulus specific, as it was here.
A possible criticism of the present study is that the reinforcer consisted of mixed grain in all conditions for each of the three pre-session feeding phases. Therefore, the present findings could be specific to situations where mixed grain is the reinforcer. This possibility could be ruled out by counterbalancing the type of pre-session feed and the type of reinforcer across subjects. This was not done here because feeders that distribute Purina Pigeon Checkers were not available.
One aspect of the present results is inconsistent with the predictions of habituation theory: Absolute rates of responding were lower during the 12-hr pre-session feeding phase than during the 1-and 4-hr pre-session feeding phases (see Table 1 ). Habituation should have been smaller during the 12-hr pre-session feeding phase (regardless of condition) than during the 1-and 4-hr pre-session feeding phases because spontaneous recovery should have reduced habituation produced by the pre-session feedings. Faster, not slower, responding should occur when animals are less habituated to the reinforcer. However, the interpretation of these results is problematic because it involves a comparison of results across phases. For example, the passage of time, rather than the different manipulations, may have produced the differences in results. In support of this idea, the results are inconsistent with some well-established findings. For example, rate of responding is directly related to the deprivation level of the subject (e.g., Clark, 1958; see Michael, 1982 for a modern treatment of establishing operations). That is, rate of responding increases as time since the last meal increases. The present experiment demonstrated the opposite effect. The pigeons during the 12hr pre-session feeding phase were deprived of food for approximately 12 hr; therefore, rate of responding should have been higher during this phase than during either of the other two phases.
In sum, the results of the present study confirmed two predictions of the sensitization-habituation theory of within-session response patterns: (a) Pre-feeding pigeons with the same feed used as the reinforcer in the session reduces absolute response rates and steepens the late-session decreases in responding more than pre-feeding pigeons with different feed, and (b) the effect of the type of supplemental feeding disappears when a long time separates the feeding from the session.
Because the present study demonstrated that supplemental feedings affect operant responding when the food is delivered 1 and 4 hr prior to a session, but not when it is delivered 12 hr prior to a session, future research should manipulate temporal parameters between these extremes to map the exact time course of spontaneous recovery from the supplemental feedings. The collection of these data are important because the exact time course of spontaneous recovery to food reinforcers is not known. Future experiments should separate the habituation hypothesis from an explanation that attributes the late-session decreases in responding to other satiety variables (e.g., caloric density). An experiment that provided pre-session feedings of two different food items that were similar in calories could discriminate between the two ideas if one of the items was used as the reinforcer during the experimental session. The habituation hypothesis predicts that the withinsession decrease in responding should be steeper when the same food was presented before and during the session than when two different food items are used. Because habituation is stimulus specific, any change in the characteristics of the food should decrease habituation and flatten the withinsession change. The satiety hypothesis predicts no change in the pattern of responding. Pre-feedings with foods of equal calories should produce equal satiety and, therefore, similar within-session patterns.
